Preliminary mineralogical, geochemical and Mössbauer studies of six surface sediments (fraction <63 µm) from Voglajna and Savinja rivers (Slovenia) are reported for the first time. The location was chosen because of two reasons. One was possible pollution due to industry in Celje. Another was presumed high concentration of iron (later found 2.8 -5.6 %), easily studied by Mössbauer spectroscopy. XRD data showed that quartz is present in all samples. Other minerals are different in different locations. Iron can be present in Fe-chlorite and in montmorillonite, found by XRD as trace minerals. Microelements were determined by ICP-MS method. Sediment of Voglajna near Štore contain the highest concentrations of S, P, Cr, Ni, Pb, Cu, Mo, Sb, W and Hg. Sediment of Savinja at Tremerje contain the highest concentrations of Zn, Cd, Ag and Au. These results indicate industrial pollution around Celje. Further characterization of Fe (II) and Fe (III) was performed by 57 Fe Mössbauer spectroscopy at room temperature. Spectra were fitted with two and in one case with three doublets. In addition to the presence of two doublets, two magnetic sextets are present in the sediment of Voglajna at Štore, suggesting minor quantity of Fe3O4. The Fe (III) / Fe (II) ratio decreases downstream the Voglajna river. The work is in progress on additional sampling stations.
Introduction
Present work is a part of the joint bilateral project between Slovenia and Croatia. Multidisciplinary research on river sediments is going on in different geological settings. The aim of the work is to investigate surface sediments, which reflect weathering products of surrounding rocks and also possible anthropogenic influence. Because most of the rivers contain grains from gravel to clay sizes, for better comparison only silt + clay fraction (f < 63 µm) was analyzed. This fraction is also easily transportable downstream. For possible application of Mössbauer spectroscopy, we have been looking for locations where iron is rather abundant. Fig. 1 represents positions of sampling locations in a sketch-map of Voglajna and Savinja rivers, located in eastern part of Slovenia. Geology of Slovenia is very interesting because it is of high diversity, as described by P i r c (2001) . The geology of the Voglajna region was described in detail by N o s a n (1963) . The northern border of the La{ko syncline east the Savinja River was studied by H a m r l a (1954). To our knowledge, these two rivers were poorly studied in terms of geochemistry. Samples 1 -6 described in this report were taken in August 2001, during extremely dry season. Additional samples, not yet studied, were collected in August 2002, during rainy period, with high water levels.
Study area

Experimental
Sediment samples were wet sieved and then dried at 80°C. Sediment fraction containing silt and clay (< 63 µm) was further analyzed. Mineralogical composition was determined by an X-ray diffractometer (Philips, X Pert MPD). Major crystalline phases have been identified using a Powder Diffraction File (1997) . Elemental content was determined in Actlabs, Canada, in aqua regia extracts of sediment fraction < 63 µm, by inductive coupled plasma -mass spectrometry (ICP-MS), using Ultratrace 2 program. For determination of Ti, P and S, Perkin Elmer Optima 3000 ICP was used. It should be mentioned that this digestion is not total (silicates will not dissolve). Total mercury was determined using a flow injection technique (FIMS) and atomic absorption spectrometer.
Poorly crystalline iron phases were studied by Mössbauer spectroscopy at 300 K. For all experiments we used a 57 Co source with an activity of ~10 mCi in a Rh matrix. The velocity scale was calibrated by metallic Fe which was also used as a reference for the isomer shift parameters. The speciations were computer fitted by assuming Lorentzian or Voigt shapes for the resonance lines.
Results and discussion
XRD results of sediments (fraction <63 µm) from Voglajna and Savinja rivers are presented in Table 1 . Quartz predominates as a major mineral in all sediment samples. Of other major minerals, feldspar was found in locations 1 and 3, muscovite in location 2, calcite in locations 4, 5 and 6, and dolomite only in location 6. Depending on location, there are several minor and trace minerals. Among minerals which could contain iron in the structure are montmorillonite and Fe-chlorite which were present as trace minerals. Chemical weathering can be confirmed by the presence of montmorillonite (from weathered albite) and of kaolinite (from weathered chlorite), as described by M u r a k a m i et al. (1996) . Mineralogical analysis of sediments (f < 63 µm) reflects cumulative effects of parent rocks, chemical weathering, hydraulic sorting and abrasion, according to N e s b i t t et al. (1987) . Complex mineralogical composition could be expected owing to the position on the contact of several geotectonic units. Location of sample 1 is on rock from torton (Miocene). In the catchment area of sample 2 occur rocks of Middle and Upper Oligocene in the north and Carboniferous and Permian in the south.
In the catchment area of sample 3 are sands and gravel containing sheets of sandy clay of upper Pliocene and partly Pleistocene. The youngest alluvion belongs to Holocene and recent deposits (samples 3 and 4). Voglajna inflows to Savinja in Celje. Location of sample 5 is on rocks of Triassic and of sample 6 is on rocks of Triassic and Tertiary. To get more information about iron, which is known as a carrier of numerous trace elements, further characterization was performed by 57 Fe Mössbauer spectroscopy. Spectra obtained at room temperature for samples 1 -6 are presented in Fig. 2 , fitted with two doublets in samples 1, 2, 3 and 5, with three doublets in sample 6, and two doublets and two sextets in sample 4. Two sextets can be ascribed to minor quantity of Fe3O4. Hyperfine parameters, such as isomer shift (IS) and electric quadrupole splitting, together with the relative resonance area (A in percent of total iron) are presented in Table 3 . Mössbauer spectroscopy can provide quantitative information about the relative population of the iron species, together with specific properties of the individual iron sites. The Fe (III) / Fe (II) ratio was calculated and included in Table 3 . It is higher in Voglajna than in Savinja. Fe (III) can be retained in the silicate sites or precipitated as finally divided iron oxide ( S c h w e r tm a n n & C o r n e l l , 1991). For Fe (II) we assume that it is contained in chlorite.
Conclusions
Conclusions at this stage can be only preliminary. Voglajna and Savinja rivers were chosen as example of iron rich and trace element-loaded rivers.
From mineralogical analysis it was concluded that quartz is present in all samples. Other minerals are different in different locations. Iron can be present in Fe-chlorite and in montmorillonite, found by XRD as trace minerals. Additional tests are necessary to detect kaolinite with certainty.
Microelements show the highest concentrations of S, P, Cr, Ni, Pb, Cu, Mo, Sb, W Mössbauer spectroscopy was used to study poorly crystalline iron compounds. This technique could provide quantitative information about the relative population of the iron species together with specific properties of the individual iron sites as oxidation states. It is suggested that Fe (III) occurs in the silicate sites or as finely dispersed iron oxide, and that Fe (II) is contained in chlorite.
Further work is in progress on new sampling locations on samples taken at different weather conditions, by additional methods for determination of clay minerals and by determination of iron minerals with Mös-sbauer spectroscopy.
